Virus Disease of Small Fruits by Converse, R. H.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Faculty Publications in the Biological Sciences Papers in the Biological Sciences
1987
Virus Disease of Small Fruits
R. H. Converse
United States Department of Agriculture, Agricultural Research Service
Follow this and additional works at: http://digitalcommons.unl.edu/bioscifacpub
Part of the Agriculture Commons, Fruit Science Commons, and the Plant Pathology Commons
This Article is brought to you for free and open access by the Papers in the Biological Sciences at DigitalCommons@University of Nebraska - Lincoln.
It has been accepted for inclusion in Faculty Publications in the Biological Sciences by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.
Converse, R. H., "Virus Disease of Small Fruits" (1987). Faculty Publications in the Biological Sciences. 393.
http://digitalcommons.unl.edu/bioscifacpub/393
Dedication 
The Editorial Committee dedicates this handbook to 
Dr. Norman W, Frazier 
Emeritus Professor of Entomology, University of California, Berkeley 
Emeritus Professor of Nematology, University of California, Davis 
and 
Chairman, Editorial Committee, Virus Diseases of Small Fruits and Grapevines, 1970 
University of California, Division of Agricultural Sciences, BerKeley 
R. Casper Corvallis, Oregon 
D. Ramsdell August 1987 
R. Stace-Smith 
R. H. Converse, Chairman 












R. H. Converse, Editor
For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402
Abstract Preface 
Converse, R. H., editor, 1987. Virus Diseases of Small Fruits 
United States Department of Agriculture, Agriculture Hand- 
book No. 631, 277 p., illus. 
This illustrated handbook was compiled by international 
authorities on virus and viruslike diseases of small fruits. 
Crops covered are in the plant genera Fragaria (strawberry), 
Vaccinium (blueberry and cranberry), Ribes (currant and 
gooseberry), and Rubus (blackberry and raspberry). The 
history, geographic distribution, importance, symptoms, 
transmission, cause, detection, and control of virus and 
viruslike diseases attacking these crops are discussed. 
Keywords: virus, viruslike disease, small fruit, soft fruit. 
Fragaria, Vaccinium, Ribes and Rubus, strawberry, blueber- 
ry, cranberry, currant, gooseberry, blackberry, raspberry 
This handbook is concerned with virus and viruslike diseases 
of cultivated Fragaria, Ribes, Rubus, and Vaccinium and is 
intended to supersede "Virus Diseases of Small Fruits and 
Grapevines" edited by N. W. Frazier and published in 1970 
by the University of California Division of Agricultural 
Sciences. This handbook, however, considers only the virus 
and viruslike diseases of strawberry (Fragaria), blueberries 
and cranberries (Vaccinium), currants and gooseberries 
(Ribes), and blackberries and raspberries (Rubus). Readers 
interested in the vims and viruslike diseases of grapevines 
(Vitis) are directed to the recent review by J. K. Uyemoto et 
al. 1978, "Grapevine (Vitis) Virus and Virus-Like Diseases," 
Set 1, 29 p. In O. W. Bamett and S. A. Tolin, editors. Plant 
Virus Slide Series, College of Agricultural Sciences, 
Clemson University, Clemson, S.C. 29631. Many of those 
involved in writing this handbook were also authors in the 
1970 handbook. Free use has been made of the 1970 
handbook material in preparing this handbook; however, the 
present authors take full responsibility for their articles. This 
handbook was prepared under the auspices of the Small Fruit 
Virus Working Group of the International Society for 
Horticultural Science (ISHS). 
For most papers in this handbook, reviews of the literature 
were completed in March 1981. 
It is the intention of those of us involved in preparing this 
handbook to provide: 
1. Information and illustrations to facilitate the identifica- 
tion, management, and control of small fruit virus and 
viruslike diseases of the major small fruit crops. 
2. Citations to the important primary literature on these 
diseases. 
3. Notes on major gaps in current knowledge of small fruit 
virus and viruslike diseases in the hope of encouraging 
additional needed research. 
4. Information on non viral disorders or abnormalities that 
may mimic or obscure small fruit virus and viruslike 
diseases. 
It is the expectation of the Small Fruit Working Group of 
ISHS that sufficient progress will have been made in the 
decade following publication of this handbook to warrant a 
new handbook. Therefore, readers are urged to make 
suggestions for improvement and to correct obvious errors 
and omissions in this handbook to the senior editor. 
I wish to express my thanks and to compliment the many 
specialists from all over the world who have contributed to 
this handbook. Their knowledge and hard work and that of 
the three section editors and Howard Sherman, ARS 
technical editor, v/ho worked with me have made this 
handbook possible. 
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iH^irus and Viruslike Diseases of Fragaria 
(Strawberry)/; 
Introduction 
By R. H.jConverse 
The period between the publication of "Virus Diseases of 
Small Fruits and Grapevines" (Frazier 1970b) and the 
publication of this present handbook has been one of major 
advances in our knowledge of strawberry viruses and 
viruslike diseases. A few important new viruslike diseases 
have been described, like strawberry rickettsia yellows and 
mycoplasma yellows in Australia. (See "Strawberry Rickett- 
sia Yellows and Mycoplasma Yellows," p. 41.) 
Important advances have also been made in biology, 
characterization, detection, and control of many major 
strawberry virus diseases. (The term "virus" will often be 
substituted hereafter for the more accurate but cumbersome 
phrase "virus and viruslike diseases.") Important and 
economically damaging interactions among viruses in 
strawberry have been discovered, for example, between 
pallidosis agent and several viruses, particularly strawberry 
mild yellow-edge virus. (See "Strawberry Pallidosis," p. 55, 
and "Strawberry Mild Yellow-Edge," p. 25.) Vectors have 
been identified for viruses that can infect strawberry. Impor- 
tant virus-vector relationships have been discovered, as for 
instance, the sites of nepovirus attachment in the alimentary 
canals of some vector nematodes. (See Murant "European 
Nepoviruses in Strawberry," p. 46.) For another example, 
the ability of nonvector aphids to transmit strawberry crinkle 
virus that has been injected into their hemoceles has been de- 
monstrated. (See "Strawberry Crinkle," p. 20.) 
The discovery that mycoplasmalike organisms and rickett- 
sialike agents are associated with a number of leafhopper- 
bome yellows diseases of plants led to their description in a 
number of the yellows diseases of strawberry. (See the 
chapters on strawberry leafhopper-bome diseases, p. 31.) 
The viruslike particles associated with a number of the major 
strawberry virus diseases have been observed. These include: 
strawberry mottle (p. 10), strawberry mild yellow-edge (p. 
25), strawberry crinkle (p. 20), and strawberry vein banding 
virus, whose relationship to the caulimovirus group was also 
confirmed by serological studies (p. 16). 
In 1970, among the viruses infecting strawberry, only the 
nepoviruses could be detected by serological studies (p. 46). 
At present, serodetection is also possible for strawberry mild 
yellow-edge (p. 25), strawberry vein banding (p. 16), and to- 
bacco streak virus in strawberry (p. 57), and promising 
results have been achieved for the serological detection of 
strawberry green petal disease agent in Great Britain (M. F. 
Clark, D. J. Barbara, and D. L. Davies, unpublished data). 
The technologies of enzyme-linked immunosorbent assay 
(ELISA) and immunospecific electron microscopy (ISEM) 
have been added to existing methods of radioimmunoassay 
(RIA) to provide increased sensitivity for the detection of 
strawberry viruses against which specific antisera have been 
developed. (See "Detection and Elimination of Virus and 
Viruslike Diseases in Strawberry," p. 2.) 
The control of strawberry virus diseases has been improved 
since 1970 by the application of improved methods of heat 
therapy and shoot apex culture for virus eradication from 
clones, by the development of Fragaria indicator clones of 
increased sensitivity and superior methods of leaf grafting to 
assess the virus status of suspect clones, and by the 
application of ELISA to virus detection in strawberry clones 
where suitable antisera had been developed. (See "Detection 
and Elimination of Virus and Viruslike Diseases in 
Strawberry," p. 2.) Preliminary steps have also been taken 
toward the development of strawberry cultivars that will not 
support or only poorly support colonization by aphid vectors 
of specific viruses, as well as to develop cultivars that possess 
genetic immunity or tolerance to virus infection. (See 
"Detection and Elimination of Virus and Viruslike Diseases 
in Strawberry," p. 2.) 
Despite the progress made in the last decade in strawberry 
virus research, rapid methods have not yet been developed to 
supplement bioassay detection procedures for the detection of 
most of the aphid-borne viruses and leafhopper-bome 
viruslike diseases of strawberry. The natural means of 
spread, aside from clonal propagation, have not been 
identified for pallidosis and chlorotic neck diseases, nor have 
the causal agents associated with these and a number of other 
strawberry diseases been characterized. 
I wish to take this opportunity to thank the many research 
workers around the world who contributed to the preparation 
of the strawberry virus section of this handbook. To those 
who wrote, who supplied photographs, and who provided 
data from their unpublished research, the readers of this 
section are in your debt. 
For animal taxa, the following sources were used: 
Aphids: Eastop, V. F., and D. H. R. Lambers. 1976. Survey 
of the world's aphids. W. Junk, Publishers, The Hague. 
537 p. 
Cicadellidae: Nielson, M. W., 1968. The leafhopper vectors 
of phytopathogenic viruses (Homoptera, Cicadellidae) 
taxonomy,   biology,   and   virus   transmission.   U.S. 
Department of Agriculture Technical Bulletin No. 1382, 
386 p. 
Nematodes: Southey, J. F. 1978. Plant nematology. Ministry 
of Agriculture,  Fisheries  and Food.   Her Majesty's 
Stationery Office, London. 440 p. 
Arthropods:   Sutherland,   D.   W.   S.,   Chairman.    1978. 
Common  names  of insects  and  related  organisms. 
Entomological Society of America. 132 p. 
For plant taxa, the following source was used: 
Kelsey, H. P., and W. A. Dayton, editors, 1942. 
Standardized plant names. 2d ed. J. H. McFarland, 
Harrisburg, Pa. 673 p. 
I wish also to express my thanks to P. W. Oman, Sr., 
Emeritus Professor of Entomology, Oregon State University, 
for his considerable assistance with arthropod taxa during the 
preparation of this handbook. 
Detection and Elimination of Virus and Viruslike 
Diseases in Strawberry/; 
By R. H.jConverse 
Introduction 
Wherever cultivated strawberry (Fragaria X ananassa 
Duch.) is grown, virus and viruslike diseases cause major 
losses in the quantity and quality of the crop. More than 28 
virus and viruslike diseases (hereafter collectively called 
virus diseases) are discussed in the strawberry section of this 
handbook. This number probably is only a portion of the total 
number of such diseases affecting this crop worldwide 
(Nourriseau 7979), As noted in the description of individual 
diseases that foliov^ in this section, not all are major or occur 
everywhere strawberries are grown. Strawberry cultivars 
differ markedly in their genetic susceptibility to these 
diseases, ranging from completely susceptible through 
tolerant to immune. Both tolerance and immunity to plant 
viruses and to their vectors can be selected. Strawberry plant 
breeding programs utilizing such groups of genes are being 
investigated at present in several laboratories (Barritt and 
Shanks 1980; Barritt and Daubeny 1982; Crock and Shanks 
1982). 
The economic loss from virus diseases as measured in 
decrease in yield and quality of fruit per unit area has been 
determined by a number of workers in studies that differ in 
viruses, cultivars, and locations chosen. Under the heading 
"Economic Importance" in each of the individual chapters of 
this section, data bearing on this question are presented. It is 
important to remember that few strawberry viruses act singly 
or exert their effects under ideal environmental circum- 
stances. The interactions among cultivars, viruses in combina- 
tions or strains, and stressful environments can profoundly 
influence the degree of economic loss. However, even when 
strawberry virus diseases are so severe that yield is 
negligible, it is usually impossible to determine by inspecting 
the plants what causal agents are present. Therefore, a 
number of direct and indirect detection procedures (table 1 ) 
have been developed to make correct diagnoses. Careful 
reviews of this subject have been prepared (Fulton and 
McGrew 1970; Fulton 7977). 
Methods of Virus Detection 
Self-indicating diseases and false symptoms. Some dis- 
eases like aster yellows, green petal, lethal decline, rickettsia 
yellows, mycoplasma yellows, leafroll, witches'-broom, and 
multiplier plant cause characteristic symptoms in strawberry 
cultivars. (See these specific chapters.) Problems may arise 
in the detection of these diseases in daughter plants that are 
taken from recently infected mother plants. Infected daughter 
plants will usually exhibit characteristic symptoms but may 
not do so at digging time in early spring. Lethal decline 
disease (Schwartze and Frazier 1964), for instance, some- 
times requires extensive roguing of mother plant-daughter 
plant systems  in  late  autumn and winter in the Pacific 
Table 1.—Recommended methods of detection and identification of strawberry viruses and viruslike diseases 
Antiserum Sap trans- 
available missible Preferred Transmission Thermotherapy 
Diagnostic for ELISA to herb- indicator(s) by vector properties 
symptoms or other aceous for leaf graft useful in useful in 
Disease in cultivars?* tests? hosts? transmission^ diagnosis? diagnosis? Notes^ 
Aphid borne: 
Crinkle No No No 4, 5 No No Petal streak. 
Latent C No No No 5, EMC No No 
Mild yellow-edge No Yes-^ No 4,5 No No UC-6 latent 
Mottle No No Yes 4, 5 Yes Yes^ by Cf 
Pseudo mild yellow- No No No 4, 12, Alp. Yes No 10, 11 latent. 
edge. 
Vein banding No Yes^ No 6, 12 No No 
Leafhopper borne: 
Aster yellows Yes No No — No No Distinguish 
Green petal Yes No No — No No on herbaceous hosts. 
Lethal decline Yes No No — No No 
Mycoplasma yellows Yes No No — No No Distinguish 
Rickettsia yellows Yes No No 
" 
No No by electron 
microscopy. 
Nematode borne: 
Arabis mosaic No Yes Yes — No No 
Raspberry ringspot No Yes Yes — No No 
Straw, latent ring- 
spot No Yes Yes — No No 
Tomato black ring No Yes Yes — No No 
Tomato ringspot No Yes Yes 4, 5 Alp. No No 
Fungus borne: 
Tobacco necrosis No Yes3 Yes Yes No Root sap 
inoculated to Cq. 
Vector unknown: 
Chlorotic fleck No No No EMB, EMK No No 
Leafroll Yes No No 5 No No 
Witches'-broom Yes No No 4, 5 No No 
Multiplier plant Yes No No — No No 
Feather-leaf Yes No No Alp., 4, 1 No No 
June yellows Yes^ No No — No No 
Pallidosis No No No 10, 11 No Yes 
Tobacco streak No Yes Yes Alp., 4 No No 
^The cultivar itself develops symptoms that enable the causal agent to be identified. 
2Abbreviations for strawberry indicators: Numbers are for UC indicators 1-12; Alp. 
various clones of F. vesca 'East MaUing clone'; Cq = Chenopodium quinoa; Cf = 
^From roots only. 
^Exceptions noted. 
^Heterologous antiserum has been used successfully. 
= F. vesca var. semperflorens 'Alpine'; EMB, EMC, EMK 
Chaetosiphon fragaefolii. 
Northwest of the United States where this disease is a threat 
in nursery fields so that infected but symptomless daughter 
plants can be culled out. 
When diagnosing viruslike symptoms in the field, another 
problem confronts the grower. A number of nontransmissible 
conditions, including mineral deficiencies and imbalances; 
fungus-, bacteria- and pesticide-induced symptoms; and 
symptoms caused by arthropod pests, may mimic, compli- 
cate, or obscure the diagnosis of transmissible virus disease 
symptoms. Several chapters in this strawberry section are 
devoted to these abnormalities so as to assist readers in 
distinguishing among them. 
Virus detection by grafting methods. Although the first 
reports of strawberry virus diseases were made in the 1920s' 
(Plakidas 1926, 1927), it was not until Harris {1932) 
developed the technique for intergrafting stolons that a ready 
method of detection of such strawberry diseases by grafting 
became available. At first, susceptible cultivars were used as 
indicators. Harris and King (79^2) demonstrated the 
sensitivity of Fragaria vesca L. 'East Mailing Clone' or 
'EMC to many viruses in strawberry cultivars. 'EMC was 
widely used as an indicator plant to detect virus diseases by 
the stolon grafting method. Unfortunately, 'EMC was 
infected with the latent A strain of crinkle virus (Frazier 
1953) (see "Strawberry Crinkle," p. 20), so that cultivars 
that had been stolon-graft indexed on 'EMC became infected 
with latent A. 
A number of other indicator clonal lines have been developed 
for strawberry virus detection. These include: 
'EMB', 'EMK', and 'HEMV clones of 'EMC that have 
been freed of the latent A strain of crinkle virus (Frazier 
7974b; Fulton 1960; Converse 7979). 
'Alpine',  F.   vesca  var.   semperflorens  (Duch.)   Ser.,   a 
runnerless, seed-propagated clonal line (Harris and King 
7942; Frazier 7955a). 
'UC-l', F. vesca, a runnering seedling of 'Alpine' (Frazier 
and Posnette 7958). 
'UC-3', F. vesca seedling (Frazier 1974b). 
'UC-4', F. vesca x F. virginiana hybrid (Frazier 7974b). 
'UC-5', a complex hybrid of F. vesca., F. chiloensis, and F. 
virginiana (Frazier 7974b). 
'UC-6', F. vesca x F. virginiana hybrid (Frazier 7974b). 
'UC-10', F. virginiana (Frazier 1974b). 
'UC-ir, F. virginiana (Frazier 1974b). 
'UC-12', F. virginiana (Frazier 1974b). 
'FV 72', F. vesca (McGrew 1967). 
'Ml', F. virginiana — (King and von Ruden 1962) carrying 
pseudo mild yellow-edge disease (Frazier 1966b). 
The development of the leaf grafting technique (Bringhurst 
and Voth 1956) provided a relatively simple grafting system 
whereby the donor plant would not be cross-infected by the 
indicator plant. The petiole-insert leaflet grafting technique 
has been evaluated by several workers (Cropley 1958; Fulton 
19572i\ Jorgensen 7957; Miller 7955). It is now generally 
used for graft transmission of strawberry viruses. Several of 
these investigators reported that successful leaf graft unions 
from known infected donors did not always result in 
characteristic symptom development in the indicators. 
Frazier (7974a), however, demonstrated that transmission 
efficiency could be improved, and the length of incubation 
time until the appearance of symptoms in the indicator could 
be lessened if all leaves except the grafted ones were 
removed from the donor at the time of grafting. 
Since the improved leaf grafting techniques developed by N. 
W. Frazier are best seen to be learned, figure 1 can be used to 
follow details of the procedure. Because of its elasticity and 
coherence, Sealtex brand tape is widely used for leaf 
grafting. For the delicate job of splitting the indicator petiole 
and shaping the donor petiole (fig. IF), surgical scalpels are 
satisfactory but become dull quickly. Small pieces of new 
razor blades broken off to form a sharp point and held in a 
suitable tool (figs. ID and F) are frequently used instead of 
scalpels. One to three leaflet grafts are generally made per 
indicator plant. 
After the grafted plants are held in a mist chamber or a humid 
atmosphere in the greenhouse for about 1 week, long enough 
for graft union to occur, they are placed on the greenhouse 
bench and evaluated periodically for symptom development 
for 4 to 35 wk, depending on the disease (Converse 7979). A 
subtle but essential part of successful disease detection by 
leaflet graft is the maintenance of indicators in a vigorous 
state of growth before and after grafting. Moderate 
temperatures and light intensities, such as are encountered in 
spring and autumn in most greenhouses, are key factors in 
growing good indicator plants. The presence of tobacco 
necrosis virus and its soil fungus vector, Olpidium brassicae 
(Wor.) Dang., appears to cause premature death of older 
leaves of F. vesca var. semperflorens 'Alpine', mimicking 
one of the major symptoms of mild yellow-edge virus. (See 
"Tobacco Necrosis Virus in Strawberry," p. 64, and 
"Strawberry Mild Yellow-Edge Virus," p. 25.) 
Fragaria virginiana L. clones 'UC-10', 'UC-ll', and 
'UC-12' have been reported by Frazier (1974b) to develop 
symptoms when graft inoculated with pallidosis disease 
agent. (See "Strawberry Pallidosis," p. 55.) No F. vesca 
clones have been found that produce distinct symptoms when 
graft inoculated with pallidosis agent. F. virginiana 
indicators are generally poorer than F. vesca indicators for 
the detection of other virus and viruslike diseases of 
strawberry. Therefore, it is necessary to use both F. vesca 
and F. virginiana indicators to detect the known strawberry 
virus and viruslike diseases by leaf grafting. A list of 
currently popular strawberry virus indicator clones and their 
specific uses is found in table 1. 
In several situations, indicators that are already infected with 
a virus can be used advantageously to detect mild strains of 
other viruses that are challenge inoculated into these indicator 
plants. Several virus combinations act synergistically to 
produce more severe symptoms than the sum of their 
individual symptoms. Examples are latent A strain of crinkle 
virus acting synergistically with mottle virus; synergism 
between crinkle and vein banding viruses; and synergism 
between mild yellow-edge virus and pallidosis agent. (See 
individual virus chapters in the "Strawberry" section for 
further discussion of individual synergistic reactions.) 
Cross-protection between strains of the same virus can also 
be utilized in the identification of strawberry viruses. For 
example, 'EMC infected with the latent A strain of crinkle 
virus is a poor indicator for the detection of other strains of 
crinkle virus (Frazier and Posnette 1958). On the other hand, 
clones of 'East Mailing' F. vesca that have been freed of 
latent A, like 'EMB', 'EMK', and 'HEMV are reasonably 
satisfactory for crinkle detection. 
Some Fragaria indicator clones fail to express symptoms 
when inoculated with certain viruses, and these relationships 
can also be used to advantage in graft analysis. For example, 
'UC-6' is symptomlessly infected by most strains of mild 
yellow-edge virus that have been tested so far, and 'UC-10' 
and 'UC-ir are symptomlessly infected by pseudo mild 
yellow-edge disease. Other examples of symptomlessly 
infected indicators can be found in the individual chapters in 
this section and in the paper by Frazier (1974b). 
The analysis of multiple virus and viruslike infections in a 
single strawberry plant is in an unsatisfactory state. Aside 
from the viruses like the nepoviruses, tobacco streak, and. 
possibly, strawberry vein banding virus and strawberry mild 
yellow-edge virus, (see chapters on these viruses) which can 
be detected serologically, all of the other virus and viruslike 
diseases of strawberry that do not cause diagnostic symptoms 
in fruiting cultivars must presently be detected and identified 
by a combination of graft and vector transmissions to 
indicator hosts. In the cases of multiple infected strawberry 
plants that are severely weakened by these viruses, it may be 
difficult to obtain leaflets of sufficient vigor and size to make 
leaflet grafts to indicators. Moreover, there is no assurance, 
even if grafts survive, that the entire complement of viruses 
and their strains will become established in the indicator 
plant. The same holds true when vector transmission is used. 
Conversely, it is not possible to predict with confidence that a 
disease complex can be generated by leaflet grafting a 
number of virus isolates into a test plant. Evaluation in the 
field is still the method of choice for rating strawberry 
cultivars and selections for their tolerance to virus and 
viruslike diseases, not only because of the technical 
difficulties connected with experimental inoculation but 
because of the interplay of pathogenic strains and environ- 
mental stresses that comes with field testing. 
Vector transmission. Aphids, leafhoppers, and nematodes 
have been found to transmit various virus and viruslike 
diseases to strawberry. Details are given in the "Natural and 
Experimental Transmission" portions of the individual 
chapters of this section. Because of difficulties in handling 
them and the long incubation periods involved, transmission 
by leafhoppers and nematodes is seldom used as a diagnostic 
tool for identification of strawberry virus and viruslike 
diseases. Where the aphids of the genus Chaetosiphon are 
vectors, transmission properties are often useful in the 
detection of these diseases. As detailed in the various 
"Natural and Experimental Transmission" portions of 
individual chapters, aphids like C. fragaefolii (Cock.) can be 
used to acquire and transmit certain viruses to suitable 
indicator plants. This is the method of choice for strawberry 
mottle virus identification. Where a complex of aphid-borne 
diseases is present in a strawberry clone and detection of the 
causal agents involved is desired, sequential feeding of 
aphids from this source plant on a succession of indicator 
plants may facilitate the separation of the component causal 
agents by chance or by differences in their retention and 
transmissibility by the vector. 
Sap transmission to herbaceous plants. Several viruses 
causing diseases of strawberry can be transmitted by sap 
inoculation to various herbaceous host plants. As detailed 
under "Natural and Experimental Transmission" portions of 
these virus chapters, the nematode-bome viruses, tobacco 
streak virus, tobacco necrosis virus, and strawberry mottle 
virus are sap transmitted. Chenopodium quinoa Willd. is a 
good herbaceous test plant for such sap transmissions, 
especially when it is growing vigorously under mild 
greenhouse temperature and light conditions. Strawberry 
plants are usually at their best as sap inoculation sources 
when in the early shock stages of infection. Various buffers 
are used, but 2 to 3% nicotine alkaloid, often with various 
additives (Converse 7979), and 2% polyvinylpyrrolidone 
(mol. wt. 10,000) in 0.05M phosphate pH 7 (Martin and 
Converse 1982a) are useful buffers. Symptoms usually 
develop within 2 wk, but are seldom diagnostic. As described 
subsequently, however, sap from infected herbaceous 
indicator plants can be used for diagnostic serological tests 
when such antisera are available. 
In the case of strawberry mottle virus, Chaetosiphon 
fragaefolii will transmit this virus to Chenopodium quinoa, 
producing diagnostic chlorotic spots on inoculated leaves 
within 2 wk after inoculation (Frazier 1968b). 
Serological detection methods for strawberry viruses. At 
present, only 9 of the 28 named virus and viruslike diseases 
of strawberry have had specific antisera prepared against 
them, or antisera that will react with them. These are the 
nepoviruses, tobacco streak virus, tobacco necrosis virus, 
strawberry mild yellow-edge virus, and strawberry vein 
banding virus. One of the critical needs in present-day 
strawberry virology is the development of specific antisera 
against the many economically important strawberry viruses 
for which such sera are lacking. This author is of the opinion 
that satisfactory detection of viruses and viruslike diseases in 
strawberry is dependent upon the production of a complete 
set of antisera that span the range of these economically 
important diseases or upon the development of alternate, 
rapid, sensitive, biochemical detection procedures for the 
causal agents of these diseases. The application of 
monoclonal antibody techniques (Kennett et al. 1980) to 
strawberry viruses offers increased opportunity for develop- 
ing new and effective antisera. 
Where antisera do exist and are available to the investigator, 
a number of serological tests are available that detect these 
viruses rapidly and with great sensitivity. Enzyme-linked 
immunosorbent assay (ELISA) is a technique that is 
increasing in popularity for the detection of viruses in 
perennial crops, including strawberry (Clark 1981; Barbara 
and Clark 1982; Converse and Martin 1982; Johnson et al. 
1984). Agar gel double diffusion serology and immunospe- 
cific electron microscopy are also useful or promising 
serological techniques for strawberry virus detection (Milne 
and Luisoni 7977; Converse 1981). 
Nonserological biochemical methods of detection of 
strawberry viruses. In the rapidly developing field of 
nucleic acid biochemistry, several techniques have become 
available that offer opportunities for biochemical detection of 
strawberry viruses and viruslike diseases by other than 
serological means. This approach may become important for 
strawberry virus detection because of the general difficulty of 
purifying viruses directly from strawberry tissue or transmit- 
ting them to more manageable hosts from which purification 
could be more readily accomplished. The isolation of 
disease-specific nucleic acids, such as double-stranded RNA 
